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INTRODUCTION 115
The topic of production efficiency, within the context of livestock production systems, has 116 received renewed attention in recent years (Spurlock et al., 2012; Berry and Crowley, 2013 ; 117 Connor et al., 2013) . The great debate concerning land use for ruminant production versus 118 production of human edible feed is a primary driver for this renewed interest in production 119 efficiency (Wilkinson, 2011) . Opportunities to directly select for improved efficiency are 120 limited as dry matter intake (DMI) measurements from individual cows, required to generate 121 breeding values for traits related to efficiency, are not routinely available. That said genetic 122 diversity within feed efficiency has been demonstrated to exist. In a review of genetic 123 parameters for the trait Berry and Crowley (2013) reported heritability estimates for feed 124 efficiency related traits in cows (residual feed intake or feed conversion ratio) ranging from 125 0.00 (Svendsen et al., 1993) to 0.38 (Veerkamp et al., 1995) . A review by Goddard and 126 Grainger (2004) and more recently studies by Buckley et al. (2007) and Prendiville et al. 127 (2011a) indicated genotype or strain within genotype variation for DMI capacity and milk 128 production efficiency. Milk production efficiency can be defined in many ways. The present 129 study uses the definition of milk solids yield (kg of fat and protein) per unit of DMI (Lopez-130 Villalobos et al., 2008). While such variation in milk production efficiency has been 131 demonstrated, the biological differences among dairy cow genotypes, which could contribute 132 to the milk production efficiency differences measured, have not been as widely studied. 133
Previous studies are either dated or use beef cattle (Smith and Baldwin, 1974; Richardson and 134 Herd, 2004) . Hence, further evidence of biological differences among the genotypes is 135
warranted to enhance the understanding of the production efficiency differences and the 136 potential to select for this increasingly important trait. 137 138 Prendiville et al. (2010) concluded that differences in grazing behavior contributed little to 139 differences in DMI capacity among lactating dairy cow genotypes. They speculated that the 140 higher DMI capacity expressed as DMI/BW observed with Jersey (JE) and JerseyHolstein-141
Friesian (JEHF) compared with Holstein-Friesian (HF) was likely a function of physical 142 differences associated with gastrointestinal tract (GIT) size. Two studies exist which support 143 this speculation but their relevance in the context of modern HF and JE genetics is 144 questionable as the study of Smith and Baldwin (1974) is almost 40 years old, while the study 145 of Nagel and Piatkowski (1988) compared JE to German Black-Pied cattle. Both studies are 146 limited by very small numbers of lactating animals and neither compared the genotypes 147 consuming a grass-based diet. 148 149 Differences in digestibility among beef steers are reported to account for 10% of the variation 150 in feed efficiency with more efficient animals capable of digesting more of the diet 151 (Richardson and Herd, 2004) . Genetic variation among dairy cows in their ability to digest a 152 predominately grazed grass diet ranges from 0.08 to 0.45, but digestibility was predicted7 using the n-alkane method (Berry et al., 2007) . The accuracy of the n-alkane method is 154 questionable as errors can arise from estimation of the alkane concentration, herbage sampling 155 errors, or analytical errors (Rymer, 2000 During the study, the cows were individually stalled, were offered fresh cut perennial ryegrass 241 twice daily at 08:00 h and 14:00 h and had ad libitum access to water. Grass was cut before 242 each feeding time using a Pottinger Nova cat 266 F mower (Alois Pöttinger Maschinenfabrik 243 GmBH, Grieskirchen, Germany) and transported using a Pottinger Europrofi 1 Euromatic 244 self-loading wagon (Alois Pöttinger Maschinenfabrik GmBH, Grieskirchen, Germany). and Ruminococcus flavefaciens, as described by Carberry et al. (2012) . Genus/species-322 specific primer sets used in this study to amplify genus/species specific partial 16S rRNA/18S 323 rRNA gene regions are presented in Table 1 . All primer sets were commercially synthesized 324 (Sigma-Aldrich Ireland Ltd. Dublin, Ireland) and end point PCR was conducted to validate 325 the specificity of the primers against target species. Aliquots of 10 μL PCR products were 326 analyzed by electrophoresis on a 2% agarose gel (w/v) to verify the presence and size of theamplicons. Negative controls without template DNA were included in parallel. Amplicons 328 corresponding to specific microbial groups were subjected to sequence analysis to verify their 329 primer specific identity (Macrogen, Seoul, Korea). 330
331
Relative qPCR assays were performed on an ABI 7500 Fast Real-Time PCR system using 332
Fast Power SYBR Master Mix (Applied Biosystems, Warrington, UK) as described by 333 Carberry et al. (2012) . Optimization of assay conditions were performed for both primer and 334 template DNA concentrations. To reduce PCR inhibition, total microbial DNA was diluted to 335 1 ng/ul. A primer concentration of 10 μM was found to be optimal for each assay. Real time 336
PCR amplification efficiencies (e) were estimated for the primer sets from a linear regression 337 of the threshold cycle (Ct) for each dilution versus the log dilution using the formula: e = x All data were statistically analyzed using SAS (2002). In the first component study heart, 352 lungs, liver and kidneys data were analyzed (n = 83) and pancreas, reticulo-rumen, omasum, 353 abomasum, intestines and total GIT data were also analyzed (n = 77). Some data were 354 excluded from analysis as the scales malfunctioned on one of the days of slaughter. All data 355 (n = 95) were available for statistical analysis of metabolic BW (BW 0.75 ). Organ mass was 356 expressed as g/kg BW and was analyzed using PROC GLM. Genotype, day of slaughter, 357 parity and all interactions were included in the model. In the second component study herbage 358 composition data during the in vivo digestibility trials were analyzed using PROC GLM. 
RESULTS

372
Abundance of selected rumen microbes 373 Table 1 shows the relative abundance of rumen microbial populations in grazing HF, JE and 374
There was a decrease in the relative abundance of R. flavenfaciens in the rumen microflora of 377 JE compared with HF and JEHF cows (P < 0.001). 378 379 Post-slaughter anatomical data 380
There was a genotype effect on BW and the unadjusted anatomical data ( Table 2 ). The HF 381 were heavier than both the JE and JEHF (P < 0.001). The HF had a heavier heart, lungs, 382 liver, kidneys, reticulo-rumen, omasum, abomasum, intestines and total GIT compared with 383 the JE (P < 0.01). The HF had heavier lungs, kidneys, intestines and total GIT compared with 384 the JEHF (P < 0.05). There was no difference in abomasal weight or in lungs and pancreas 385 weights between the JE and JEHF (P > 0.05). There was a genotype effect on anatomical 386 data normalized to BW (Table 3 ) except for liver, kidneys and intestines (P > 0.05). On a per 387 unit BW basis, the HF had a lighter heart, lungs, pancreas, reticulo-rumen, omasum, and total 388 GIT than the JE (P < 0.05). There was no difference in lungs or omasum weights between the 389 HF and JEHF (P > 0.05). The JEHF had a proportionally heavier heart, pancreas, reticulo-390 rumen and total GIT compared with the HF (P < 0.001). There was no difference between the 391 JE and JEHF in kidney, liver, lungs, reticulo-rumen, omasum, intestines and total GIT (P > 392
0.05). 393 394
In vivo digestibility trials 395
Herbage composition and herbage measurements. The average (SD) pre-cutting 396 sward height of the harvested herbage offered during each of the 4 time periods was 14.9 397 Table 4 . 402
403
Milk production. With the exception of milk solids yield, there was a genotype effect 404 on all milk parameters recorded (P < 0.01; Table 5 ). The HF cows had the highest milk yield, 405 JE had the lowest and JEHF were intermediate (P < 0.001). Milk fat and protein 406 concentration was highest for the JE, lowest for the HF and JEHF were intermediate (P < 407 0.001). Similarly, kg milk solids/100 kg BW was highest for the JE, lowest for the HF and 408
JEHF were intermediate (P < 0.001). 409
There was an effect of herbage allowance on milk production. Milk yield and milk 410 solids yield was higher for the cows offered the high herbage allowance (16.2 kg ± 0.31 and 411 1.6 kg ± 0.03, respectively) than the cows offered the low herbage allowance (14.2 kg ± 0.31 412 and 1.4 ± 0.03, respectively; P < 0.01). There was no effect of herbage allowance on milk fat 413 and protein concentration. 414
415
Herbage intake and milk solids per kg DMI. Genotype had a significant effect on all grass 416 intake parameters investigated (P < 0.05; Table 6 ). The JEHF and HF consistently had a 417 higher intake of DM, OM, N, NDF and ADF than the JE (P < 0.05; Table 6 ). Intake (DM/100 418 kg BW) tended to be different among treatments and was numerically highest for JE and 419 lowest for HF. The JE cows had a higher yield of milk solids/kg DMI than the HF and JEHF 420 cows (Table 6 ; P < 0.01). Although numerically in favor of the JEHF, there was no 421 significant difference between the HF and JEHF regarding milk solids/kg DMI (P > 0.05). 422
There was an effect of herbage allowance on herbage intake. Dry matter intake was 424 higher for the cows offered the high herbage allowance (16.3 kg ± 0.13) than the cows offered 425 low herbage allowance (14.8 kg ± 0.13; P < 0.001). 426
427
Herbage digestibility. For all digestibility parameters investigated JE cows had a 428 higher digestibility than HF cows (P < 0.05; Table 7 ). The JEHF cows were intermediate to 429
the HF and JE cows for all parameters except for DM digestibility. The DM digestibility of 430 HF and JEHF cows was similar (P > 0.05). Jersey cows were able to digest 2.2% more DM 431 than both HF and JEHF cows. 432
There was no effect of herbage allowance on any of the digestibility parameters 433 investigated (P > 0.05). Dry matter intake is affected by several factors. Reviews by Allison (1985) and Allen (1996) 444 suggest that one factor limiting DMI is GIT capacity and in particular the capacity of the 445 reticulo-rumen. Rumen capacity was not measured in the present study but the reticulo-rumen 446 weight was measured and it has been shown that there is a positive correlation between rumen 447 capacity and rumen weight (Purser and Moir, 1966) . In the present study, differences inreticulo-rumen weight as a proportion of BW are reflected in differences in GIT weight as a 449 proportion of BW among genotypes. The proportionally heavier GIT found in the JE in the 450 present study, and also by Nagel and Piatkowski (1988) , suggests that JE have a 451
proportionally greater DMI capacity than HF. In the present study there was indeed a 452 tendency for an effect of genotype on DMI capacity, measured as DMI/BW. This is in 453 contrast to a study by Smith and Baldwin (1974) , who found no significant difference 454 between JE and HF regarding proportional GIT weight. The study of Smith and Baldwin 455 (1974) is, however, 40 years old and the cows in that study, compared to modern dairy cow 456 genetics, are likely to be considerably different. In the present study, JEHF also had a 457
proportionally (relative to BW) greater reticulo-rumen and total GIT weight than HF which 458 helps explain previous reports of a greater DMI capacity for the JEHF compared to the HF 459 Ingvartsen and Weisbjerg (1993) and Aikman et al. (2008) showed that JE had a faster rate of 488 passage than HF, thus it would be expected that JE would have a lower digestive efficiency 489 than HF. The present study found however that JE were more efficient for all digestive 490 parameters measured, which may be partly attributed to the relatively larger GIT of the JE. the diet in that study was a TMR, compared to herbage in the present study. 517
518
Although in the present study, JE had a greater N digestibility than HF this was likely of no 519 benefit to the JE as N was not limiting in the high CP grass diet being offered. Generally, in 520 herbage-based diets, energy intake is the factor most limiting to animal performance (O'Mara,2000) and therefore the increased OM digestibility is of greater significance, although of 522 course the increased N digestibility is a contributor to this. Blake et al. (1986) found no 523 difference between JE and HF regarding N digestibility during the first trimester of lactation, 524 although JE had a higher N digestibility than HF in the second trimester of lactation. There 525 was no difference in N digestibility between HF and JEHF which was also found by Xue et 526 al. (2011) . 527 528 Increasing the digestibility of a feed means that more of the feed is utilized and less is 529 excreted as waste product. This will result in increased energy available to the animal. The 530 present study shows that there is a difference among breeds in total tract digestibility. The JE 531 had a higher total tract digestibility indicating an increase in energy available for milk solids 532 production (Coulon and Rémond, 1991) . This increase in total tract digestibility likely 533 contributes to the difference in milk production efficiency measured among these dairy cow 534 genotypes (Prendiville et al., 2010) . The JE were able to digest 2.2% more of the grass than 535 the HF, which is the equivalent of an increase in the energy content of grass from 1.01 536 UFL/kg DM to 1.05 UFL/kg DM. One UFL (unite fourragère lait) of energy is defined as the 537 net energy content of 1 kg of standard barley for milk production, which is 1,700 kcal. This 538 increases the energy available for milk production for JE by 0.56 UFL per day. This 539 corresponds to the JE being able to produce an extra 0.90 kg of milk per day (39.6 g 540 protein/kg, 76.9 g fat/kg). 541 542 Rumen microorganisms, particularly cellulolytic bacteria, protozoa and fungi, are critically 543 important for the fermentation of feed (Van Soest, 1994; Gordon and Phillips, 1998) into 544 short-chain fatty acids, including propionate, acetate, butyrate, lactate and succinate (Hungate, species is associated with fiber digestion in the rumen (Baldwin and Allison, 1983; Van Soest, 553 1994) . Despite this JE cows had a higher NDF and ADF digestibility than HF cows. 554
Differences in NDF and ADF digestibility may be due to differences in microbial populations 555 that were not evaluated in the present study. A more comprehensive approach, such as 556 sequencing of rumen metagenomic DNA, may uncover differences responsible for the 557 observed differences in fiber digestibility and may also provide evidence for other biological 558 differences among the dairy cow genotypes. 559
560
CONCLUSION 561
Earlier studies demonstrated that modern JE genetics are well suited to herbage-based systems 562 because of their ability to achieve high herbage intakes and efficiently convert herbage to 563 milk solids. Deductions from this study are that the JE genotype has greater digestibility and a 564 different rumen microbial population than the HF. Jersey and JEHF cows had a 565 proportionally greater GIT weight than HF. These differences are likely to contribute to the 566 production efficiency differences among genotypes previously reported. 567
The 
